











hitin, a poly  14–N-acetyl-D-glucosamine, is the most abundant and underutilized biomass resource in India.  It is estimated that fungi provide 3.2 x 104 metric tons of chitin; however, commercially it is found in the offal of marine food processing industry with an estimated 1.2 x 105 metric tons annually accessible on a world wide basis.  The processing of shellfish is of environmental concern as presently, only a small quantity of shell waste is utilized for animal feed or for chitin isolation.  Recently, the commercial importance of chitin has increased because of its beneficial properties leading to numerous industrial applications, such as, for the preparation of dietary fibers, bandages, cosmetics, and toiletries.  However, its insolubility or poor solubility in aqueous medium, buffers and other solvents precludes its large-scale application, whereas chitosan, a partially de-N-acetylated derivative of chitin, owing to its better solubility in aqueous acidic medium, biocompatibility and non-toxicity, exhibit characteristics of considerable use in health food, agriculture, medicine, biotechnology, cosmetics, pulp, textile and water-treatment.  

Pharmaceutical properties of chitosan such as drug delivery, antimicrobial, antitumor, immuno-potentiation, hypocholesterolemic, wound healing, etc. are of therapeutic significance.  Chitosan based microcapsules (spherical particles with varying size with core substance) and microspheres (spherical empty particles) are of use in controlled drug delivery formulations.  Due to its film forming property, chitosan has been used as food wraps, films and laminated films.  The potential utility of chitosan for the removal of undesirable metals such as mercury, lead, zinc, chromium, plutonium and uranium and separation of trace elements from sea water by chromatography on chitosan has been demonstrated by many.  Chitosan finds application in photography due to its resistance to abrasion and optical characteristics.  Upon neutralization with acid, chitosan is the only natural cationic gum that becomes viscous and hence of use in cosmetic creams, lotions, permanent waving lotions and nail lacquers, etc.  Ionic conductivity when dissolved in acetic acetic acid makes chitosan suitable for the preparation of solid-state batteries. 

 	Chitosan has a mean molecular mass of up to 106 Da, which corresponds to a chain length of approximately 5000 glucosamine and N-acetyl-glucosamine residues.  Due to very high molecular weight and thus high viscosity of chitosan in solution, which restricts its in vitro applications, it is advantageous and preferable too to use depolymerized products of chitosan, namely, low molecular weight chitosans (LMWC), chitooligomers and monomers, as they overcome the drawbacks of chitosan and also find additional novel applications.  Their preparation by conventional physical, chemical or enzymatic hydrolysis using chitinase/chitosanase is not practically feasible because of the high cost of the equipments required, low yield of the desired products, formation of monomers and oligomers of lower degree of polymerization (DP 2-3) and sometimes modification of the products formed, all of them affecting their biological activity and application utility.  Moreover, the enzymes chitinases/chitosanases are very expensive and not available in bulk for commercial exploitation.  Search for alternative cheap sources of enzymes has led to the identification of a few non-specific enzymes, which are inexpensive and easily available, to depolymerize chitosan and its chemically modified derivatives.

	Earlier studies from our lab have shown the pectinase isozyme from Aspergillus niger to exhibit a higher chitosanolytic activity at acidic pH.  Of the three bands in native-polyacrylamide gel electrophoresis, the fast moving one with polygalacturonase activity was shown to exhibit both pectinase and chitosanase activities.  The latter released chitooligosaccharides of DP 2-8 and LMWC of molecular weight ~20 kDa, upon chitosan depolymerization.  Following this, a few more non-specific enzymes such as, hemicellulase, lysozyme, pepsin, papain and pronase were screened for their chitosanolytic activities, which was the basis for the present investigation.  This study was carried out with the aim of determining the kinetic properties of some of these non-specific enzymes showing optimum chitosanolytic activities, standardizing the reaction conditions for obtaining the desirable products (LMWC, chitooligomers and monomers) in maximum yield, structural-functional characterization of the products formed and determining the mechanism of action of proteases towards chitosanolysis.  The results obtained have been consolidated in the form of a Ph.D. Thesis entitled “Chitosanolytic activity of non-specific enzymes – mechanism of action and potential application of the degradation products”, and having the following layout.

	Accordingly, Chapter I (General Introduction) gives a brief account of the history of chitin-chitosan, their structure-conformation, biosynthesis in crustaceans and fungi, which are the main sources, de-N-acetylation of chitin and application of chitosan in various fields such as agriculture, medicine, pharmaceutical, foods and cosmetics and finally the necessity of depolymerization of chitosan, and scope-objectives of the present investigation.  

 	Chapter II (Kinetic study of chitosanolytic activity of non-specific enzymes) begins with a brief introduction about non-specific chitosanolysis followed by the Material and Methods used during screening of enzymes for their chitosanolytic activities.  A detailed account of the preparation of chitosan and its purification-characterization (molecular weight Mr, by viscometry and gel permeation chromatography (GPC); degree of acetylation DA, by infrared (IR) and nuclear magnetic resonance (NMR) spectral data; and crystallinity index CrI, by X-ray diffractometry) are provided.  A few non-specific enzymes such as proteases (pepsin, papain, pronase and protease), lipases including carbohydrases other than chitinase and chitosanase were screened for their chitosanolytic activity.  The effects of enzyme-substrate concentration, solution viscosity, pH, temperature and reaction time are determined.  KM (substrate concentration at half maximal velocity) and Vmax (maximum velocity) are also calculated from Lineweaver-Burk (double-reciprocal) plot.  

	Pepsin, papain and pronase were used further for depolymerization of chitosan, which forms the subject matter of Chapter III (Purification of the lytic agent involved in the chitosanolysis).  In here, emphasis was given to purify non-specific enzymes and their purity was established by sodium-dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and capillary zone electrophoresis (CZE) in order to rule out the speculation of the earlier workers that the associated contaminants are responsible for the observed chitosanolytic activity of non-specific enzymes.  Fold increase in the activity after purification, the effects of various acids as chitosan solvents, DA and Mr on chitosanolysis, pH and temperature stabilities of the proteases during chitosanolysis and activation energy (Ea) calculation by Arrhenius plot have been provided in this chapter.  Probable amino acid residue(s) in the active site of these proteases involved during chitosanolysis is discussed.  Activity of proteases towards chitin-chitosan derivatives, as well as other polysaccharides such as starch, pectin, guar gum, gum arabic and carboxymethyl cellulose, which are made up of different monosaccharide units, is compared with that of chitosan.  

Chapter IV (Characterization of LMWC) encompasses a detailed account of structural characterization of LMWC, the major depolymerization product of chitosan.  GPC, HPLC and viscometric studies were carried out to determine Mr of the LMWC, whereas scanning electron microscopy (SEM) was performed to know the topographical changes.  Primary and higher order structures of LMWC were determined by employing various biophysical techniques such as IR, circular dichroism (CD) and NMR and X-ray diffraction.  The dissolution kinetics of LMWC was also studied.  

	Chitooligosaccharides (CO’s) and monomers, the other products of chitosan depolymerization are discussed in Chapter V (Characterization of Chitooligomers & Monomers).  The percent yield of CO’s-monomeric mixture as well as individual monomers and oligomers obtained were deduced by GPC and HPLC analyses.  Spectral details provided structural information of the monomers and oligomers.  Based on MALDI-TOF-MS analysis and percent increase in reducing equivalent after N-acetyl--glucosaminidase treatment, the probable ratio of the monomers and their sequence at the non-reducing terminals of the oligosaccharides were obtained.  The probable sites of action of these proteases during chitosanolysis are also described.

	Chapter VI (Value addition to chitosanolytic products) provides the biological application potential, especially as antibacterial agents, of LMWC and CO’s-monomeric mixture as well as their purified individual fractions.  Various food borne pathogens were screened for growth inhibitory actions of LMWC and CO’s-monomeric mixture, and for detailed study, Bacillus cereus and Escherichia coli (one each from Gram-positive and Gram-negative bacteria) were used.  The mechanism of bactericidal action was determined by SEM studies and analysis of the supernatants obtained after treating the test cultures with both LMWC and CO’s-monomers.  The supernatants were analyzed for total carbohydrate, protein and enzyme activities (namely maltase, lactase and protease) and later subjected to native-PAGE, HPLC and lipid analysis by gas-liquid chromatography (GLC).  One sample each from PAGE-separated protein samples of the supernatants were subjected to N-terminal amino acid analysis and compared with that of test culture proteins.  From the results, a probable mechanism of bactericidal action of LMWC and CO’s-monomers has been proposed.  In addition, DNA and RBC membrane protective actions of CO’s-monomeric mixture as well as of individual mono-/oligomers were studied.

	Chapter VII (Mechanism of chitosanolysis by Pepsin) is an extension of chapter III, in that the purity and mechanism of action of pepsin during chitosanolysis is described at length.  The commercial porcine pepsin, which showed multiple bands/peaks upon native-PAGE, CZE and HPLC, was subjected to purification by GPC.  By zymogram analysis (activity staining), it was showed that the purified enzyme was associated with dual functions, i.e., proteolysis and chitosanolysis.   Its Mr and N-terminal amino acid sequence, confirmed it to be pepsin.  Use of active site specific inhibitors as well as covalent modification of the active site residues indicated the involvement of aspartic acid during depolymerization of chitosan, which are also responsible for proteolytic action of pepsin.  A comparative study of the 3-D structures of chitinase, chitosanase and pepsin led to their possible/probable mechanism of action of chitosanolysis.  The results obtained thus unambiguously established that pepsin is indeed a good chitosanolytic agent, and this depolymerization is not caused by any contaminating enzyme, as speculated by others, before.  

	A brief account of Summary and Conclusions is given in Chapter VIII.  Finally, a collective list of references (Bibliography), which form the basis for logical interpretation of the data obtained in comparison with earlier and contemporary published results, is provided.














































































































